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Na-onal	  Centre	  for	  Sensor	  Research	  
•  Housed	  in	  the	  campus	  of	  Dublin	  City	  
University.	  
•  MulKdisciplinary	  research	  insKtute	  
invested	  in	  the	  advancement	  of	  sensor	  
science.	  
•  Over	  260	  full	  Kme	  researchers	  and	  
support	  staﬀ.	  
•  Investments	  and	  income	  since	  1999	  now	  
approaching	  €	  100	  million.	  
CLARITY 
The Centre for Sensor Web Technologies 
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CLARITY	  –	  SFI	  CSET	  
•  5-­‐year,	  €16.4	  million	  research	  program	  to	  develop	  next	  generaKon	  
Sensor	  Web	  Technologies	  with	  signiﬁcant	  environmental	  focus.	  
•  Brings	  together	  fundamental	  materials	  science,	  funcKonal	  polymers,	  
device	  prototyping,	  energy	  management,	  adapKve	  middleware,	  wearable	  
sensors,	  distributed	  environmental	  monitoring.	  




CLARITY	  Centre	  &	  Ecosystem	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The	  Adap-ve	  Sensors	  Group	  
•  Chemical	  Sensor	  element	  of	  CLARITY.	  
•  Group	  Leader:	  Professor	  Dermot	  Diamond.	  
•  Contains	  >20	  researchers	  engaged	  in:	  
Microﬂuidics	  
Electronic	  Engineering	  
Plaaorm	  TesKng	  (AnalyKcal	  Chemistry)	  





Prof.	  Dermot	  Diamond	  
20 µm 
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The	  Adap-ve	  Sensors	  Group	  	  
Modus	  Operandi	  
A	   two-­‐pronged	   approach	   to	   improve	   the	   quality	   of	   autonomous	  








2.	   Revolu-onary:	   Develop	   disrupKve	   technologies	   based	   on	   break-­‐	  
throughs	  in	  fundamental	  materials	  science.	  
	  
1.  R.	  Byrne,	  C.	  Ventura,	  F.	  B.	  Lopez,	  A.	  Walther,	  A.	  Heise	  and	  D.	  Diamond,	  Biosensors	  &	  Bioelectronics,	  2010,	  26,	  1392-­‐1398.	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Current	  Industry	  Standard	  Instrument	  for	  Phosphate	  analysis	  costs	  in	  the	  region	  of	  €	  15,000.	  	  









Mé	  Féin:	  Part	  of	  the	  Revolu-onary	  Team!	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Research	  Interests:	  
	  
•  Thermal	  Actuators	  
•  Lithography	  
•  OpKcal	  Sensing	  












































(v) [NTf2]- (vi) [DCA]-
SO3
CH3
(vii) [FAP]- (viii) [PF6]-









(xi) [BF4]- (xii) [AlCl4]-
• 	  Organic	  liquids	  composed	  solely	  of	  ions.2	  
	  
• 	  Important	  liquid	  proper-es	  such	  as	  
density,	  viscosity	  and	  mel-ng	  point	  can	  be	  
altered	  by	  varia-on	  of	  the	  ion	  pair.3	  	  
• 	  Ionic	  Liquids	  exhibit	  good	  ionic	  
conduc-vity	  and	  stable	  electrochemical	  
windows.4	  
2. 	  P.	  Wasserscheid	  and	  T.	  Welton,	  Ionic	  Liquids	  in	  Synthesis,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
WILEY-­‐VCH,	  Weinheim,	  2003.	  
3. 	  R.	  E.	  Del	  Sesto,	  C.	  Corley,	  A.	  Robertson	  and	  J.	  S.	  Wilkes,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Journal	  of	  Organometallic	  Chemistry,	  2005,	  690,	  2536-­‐2542.	  
	   	  4. 	  C.	  Zhao,	  G.	  Burrell,	  A.	  A.	  J.	  Torriero,	  F.	  Separovic,	  N.	  F.	  Dunlop,	  D.	  R.	  
	  MacFarlane	  and	  A.	  M.	  Bond,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Journal	  of	  Physical	  Chemistry	  B,	  2008,	  112,	  6923-­‐6936.	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The	  blank	  canvas!	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•  Direct	  nucleophillic	  addiKon	  of	  a	  trialkyl	  phosphine	  with	  an	  alkyl	  halide	  
to	  form	  a	  phosphonium	  salt.	  
•  When:	  R	  =	  C14H29	  and	  X	  =	  DCA-­‐….	  
	  
Liquid	  at	  room	  temperature	  salt	  	  
η	  =	  256	  mPa’s	  
Tdeg	  =	  395	  0C	  5	  
	  
5. 	  K.	  J.	  Fraser	  and	  D.	  R.	  MacFarlane,	  Australian	  Journal	  of	  Chemistry,	  2009,	  62,	  309-­‐321.	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Electrochemical	  Devices	  (ECD’s)	  
3	  Key	  Issues	  To	  Address:	  
	  
1.   Device	  complexity:	  Some	  electrochemical	  devices	  can	  contain	  mulKple	  
components,	  each	  with	  their	  own	  deﬁned	  role	  relaKng	  to	  device	  
performance.	  	  	  
2.   Leaching	  of	  electrolyte:	  Loss	  of	  electroacKve	  components	  dramaKcally	  
reduces	  device	  lifeKme!	  
	  
	  
3.   	  Device	  Sensi-vity:	  For	  electrochemical	  sensors	  in	  parKcular,	  increased	  
sensiKvity	  of	  device	  components	  can	  dramaKcally	  improve	  sensor	  
performance.	  
	  Ionic	  Liquids	  have	  the	  answer!!	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Electrochromic	  Devices	  
• Electrodes	  Source	  of	  charge,	  site	  of	  electrochemical	  reacKon	  
• Electrolyte	  	  Facilitates	  charge	  transfer	  between	  the	  electrodes	  
• Electrochrome	  Redox	  acKve	  material	  which	  undergoes	  a	  change	  in	  opKcal	  	  	  	  	  	  	  	  	  	  	  
	   	   	   	   	  	  	  properKes	  in	  response	  to	  the	  applied	  voltage	  	  	  
• Polymer 	  Inert	  matrix	  to	  house	  acKve	  sensing	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	   	   	  components	  
• Plas-cizer	  	  	  Lowers	  Tg	  of	  polymer	  to	  produce	  solid	  ﬁlm	  
6. 	  S.	  A.	  Sapp,	  G.	  A.	  Sotzing	  and	  J.	  R.	  Reynolds,	  Chemistry	  of	  Materials,	  1998,	  10,	  2101-­‐2108.	  
 
Rich	  varia-on	  in	  op-cal	  proper-es	  
of	  PEDOT	  based	  ECD’s.	  6	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Phosphonium	  based,	  electrochromic	  	  
ionic	  liquid	  
(a):	  [P3Cl,8,8,8][Br]	  
































































[P	  V,8,8,8][3X]	  Oxidised	  


















V.+        V2+ 
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+ e- + e-
- e- - e-
V2+ V.+ V
Colourless ColourlessColoured
•  Electrochromic	  device	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(i)	  +/-­‐	  3	  V,	  100	  mV	  
(ii)	  +/-­‐	  2	  V,	  100	  mV	  



























•  DC	  Current:	  ~	  60	  %	  of	  device	  
coloraKon	  is	  maintained	  arer	  
100	  minutes	  under	  open	  
circuit.	  
	  
•  AC	  Current:	  Device	  can	  switch	  
between	  transparent	  and	  
coloured	  states	  under	  the	  
right	  cycling	  condiKons.	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Polymeric	  Ionic	  Liquids	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9	  Monomeric	  ILs	  synthesised	  in	  total.	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Raman	  Shim	  (cm-­‐1)	  
2	  (b)	  monomer	  
2	  (b)	  polymer	  
hν	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Material	  sensi-vity	  
• 	  High	  frequency	  laser	  impulses	  
are	  passed	  through	  high	  
aperture	  lensing.	  
	  
• 	  Results	  in	  the	  two	  photon	  
eﬀect,	  i.e.	  Ini-ator	  in	  liquid	  
resin	  absorbs	  two	  photons	  
instead	  of	  one.	  
• 	  Piezoelectric	  motor	  controls	  
the	  movement	  of	  the	  resin	  in	  
three	  dimensions.	  7	  
7.	  A.	  Ovsianikov,	  A.	  Gaidukeviciute,	  B.	  N.	  Chichkov,	  M.	  Oubaha,	  	  B.	  D.	  MacCraith,	  I.	  Sakellari,	  A.	  Giakoumaki,	  D.	  Gray,	  M.	  Vamvakaki,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
M.	  Farsari,	  C.	  Fotakis,	  	  Laser	  Chemistry,	  2008.	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2-­‐photon	  polymerisaHon:	  a	  direct	  laser	  lithographic	  technique.	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Direct,	  3-­‐D	  laser	  prin-ng	  of	  s-muli	  
responsive	  materials	  


































Photochromics	  -­‐	  Spirocyclics	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Figure 7: Woodpiles structures fabricated from Andy's sample. Velocity 10 µm/s; from 
left to right power: 2.98 mW, 3.41 mW, 3.84 mW. 
 
 
Sub-­‐micron,	  photoresponsive	  	  
structures	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Photopaperned,	  graphene	  dispersed	  
ionogels	  
• 	  8	  μm	  
honeycomb	  
diameter	  
• 	  2	  μm	  
honeycomb	  
diameter	  
08/08/2012	   26	  
UNIVERSITY	  COLLEGE	  DUBLIN	  	  	  	  	  	  DUBLIN	  CITY	  UNIVERSITY	  	  	  	  	  	  TYNDALL	  NATIONAL	  INSTITUTE	  	  












































Photopaperned,	  electrochromic	  device	  
V.+          V2+ 
-e- 
V          V.+ 
-e- 
V.+        V2+ 
+e- 
V          V.+ 
+e- 
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•  Device	   Complexity:	   Synthesised	   Electrochromic	   IL	   acts	   as	   the	  




•  Leaching	  of	  Electrolytes:	  Synthesised	  polymeric	  Ionic	  Liquids	  form	  
ﬂexible,	  conducKve	  ﬁlms.	  
	  
•  Material	   Sensi-vity:	   2	   -­‐	   photon	   lithography	   is	   an	   asracKve	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Thanks	  for	  listening!!	  
	  
